In this paper, we consider a class of nonlinear time fractional partial differential equations with delay. We obtain the existence and uniqueness of the mild solutions for the problem by the theory of solution operator and the general Banach contraction mapping principle. We need not extra conditions to ensure the contraction constant 0 < < 1. Therefore, under some general conditions, we obtain our main results.
Introduction
Fractional derivatives can describe the property of the memory, and they have more advantages than integer-order derivatives. Therefore, fractional differential equations have been successfully applied in many fields, such as engineering and physics. About the fractional differential equations, we refer to these papers [1] [2] [3] [4] [5] [6] [7] [8] [9] and the references therein. In [7, 10] , the authors studied the existence results of the fractional integrodifferential equations of order 1 < ≤ 2. In [11, 12] , the authors considered a class of fractional differential equations, where the fractional derivative operator is 0 with fractional order and is a closed densely defined operator in a Banach space. Goufo [13] studied the existence results for a class of fractional fragmentation model by theory of strongly continuous solution operators. In [14, 15] , the authors investigated a class of space-time fractional diffusion equations, while in [16] the authors studied a class of linear fractional differential equations by the variational iteration method and the Adomian decomposition method. In [17] [18] [19] , the authors studied the following fractional partial differential equations:
Ouyang [17] studied the existence of the local mild solutions for such problem by Leray-Schauder's fixed theorem. Zhu et al. [18, 19] also studied the existence of the mild solutions by strict set contraction and Banach contraction mapping theorem of the problem. Li et al. [20] investigated the following fractional differential equations:
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Inspired by the above said work, we investigate the following nonlinear fractional partial differential equations with delay: In this paper, we consider the existence results of the mild solutions of problem (3) by general Banach contraction mapping theorem. We need not extra conditions to ensure the contraction constant 0 < < 1. Under some general conditions, we obtain our main results. Therefore, our results presented in this paper improve many classical results. Definition (see [21, 22] ). The Riemann-Liouville fractional integral of a function ℎ : (0, ∞) → R of order > 0 is defined as
Preliminaries
where ℎ( ) ∈ 1 ((0, 0 ); ). For convenience, we let
and then
Definition (see [21, 22] ). The Riemann-Liouville fractional derivative of a function ℎ : (0, ∞) → R of order > 0 is defined as
where
Definition (see [21, 22] ). The Caputo fractional derivative of function ℎ of order > 0 is defined as
where ℎ( ) ∈ 1 ((0, 0 ); ) ∩ −1 ((0, 0 ); ). For the Riemann-Liouville fractional integral operator and the Caputo fractional derivative operator, we have
Definition (see [23] ). Let be a closed linear operator with dense domain ( ) in a Banach space ; > 0. A family { ( )} ≥0 ⊂ ( ) of bounded linear operators in is called a solution operator for the integral equation
if the following conditions are satisfied:
(i) ( ) is strongly continuous on R + and (0) = .
(ii) ( ) ( ) ⊂ ( ) and ( ) = ( ) for all ∈ ( ) and ≥ 0.
(iii) ( ) is a solution of
for all ∈ ( ), ≥ 0. We call the infinitesimal generator of ( ) or say that generates ( ).
Let ( ) = (⋅, ); then the fractional partial differential equation (3) can be rewritten in the following abstract form:
and
It is easy to see that generates a 0 semigroup { ( ) ≥0 } on . Theorem 3.1 in [23] means that is the infinitesimal generator of a solution operator ( ) ≥0 .
Definition (see [24] ). If ∈ ([− , 0 ]; ) is a mild solution of problem (12) , then satisfies the following integral equations:
Main Results
We define the operator F :
Theorem 6. Assume that the conditions ( 1 ) and ( 2 ) hold. 
where = max ∈ | ( )|. Next, for any nature number , we will prove the following inequality:
Obviously, for = 1, (18) holds. Assume that = and (18) holds; that is,
By (15), ( 1 )- ( 2 ), and formula +1 = + −1 , we have
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By mathematical induction, we obtain that (18) holds for = + 1. Therefore, for any , we have
where = 0 . It is easy to see that
Therefore, we choose sufficiently large nature number > 2 such that
For any nature number > 2 , such that = ℎ+ (0 ≤ < ). Obviously, ℎ = [ / ] < [ /2]. For any sufficiently large positive integer > 2 ; by the Stirling formula
and by (23), we have
On the other hand, without loss of generality, we assume that = 0 > 1. By Stirling formula and
Journal of Function Spaces 5 where > 0. By (21), (25), and (26), we get
Therefore, for fixed constant > 0, there exists a positive integer 0 such that, for any , V ∈ ([− , 0 ]; ), we have
By general Banach contraction mapping principle, for operator F there exists a unique fixed point ∈ ([− , 0 ]; ), which means that problem (3) has a unique mild solution.
Remark . In Theorem 6, we obtain the existence and uniqueness of the global mild solution of problem (3) 
Next, we will prove that Q maps into . Let ∈ ; we have 
